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PREFACE 
This is a report of research undertaken in the 
Agricultural Economics Research Unit (A.E. R. U.) during 
the period 1975 to 1977 to investigate production and supply 
relationships in the New Zealand sheep and beef industries. 
This research was undertaken as part of a 
co-ordinated approach by the New Zealand Meat and Wool 
Boards' Economic Service, Mas se y Uni ver si ty, and the 
A. E. R. U. to develop a series of models that would be of 
assistance in forecasting future New Zealand output of meat 
and wool. It was the role of the A.E.R.U. project to 
concentrate on the development of econometric single 
equation models. 
The A. E. R. U. has received financial support for 
this research, via the New Zealand Meat and Wool Boards' 
Economic Service, from both the New Zealand Meat Producers' 
Board and the New Zealand Wool Board. This support is 
gratefully acknowledged. 
(i i i) 
J. B. Dent 
Director 
INTRODUCTION 
The objective of this study has been to investigate 
production and supply relationships in the New Zealand sheep 
and beef industries, using various formulations of a single 
equation model. 
Chapter I provides an historical perspective of production 
changes in the sheep and beef industries between 1918 and 1975, 
while in Chapter 2 a nLlmber of previous New Zealand livestock 
production and s uppl y s tudie s are reviewed. 
In Chapter 3 the adequacy and reliability of livestock 
production data published by the New Zealand Department of 
Statistics is discussed. An alternative data source is evaluated. 
Chapter 4 discusses the specification of a new single 
equation model. The aim of the model is to explain annual 
changes in total livestock units on sheep and beef farms. The 
model is developed for the eight classes of farms as defined in 
the New Zealand Meat and Wool Boards' Economic Service Sheep 
and Beef Farm Survey. Results of estimating parameters for 
four different formulations of this single equation model are 
presented in Chapter 5. 
In the concluding chapter the study is summarised, and 
the implications of the results that were obtained from the model 
are discussed. 
(i v) 
CHAPTER 1 
AN HISTORICAL PERSPECTIVE OF PRODUCTION IN 
THE NEW ZEALAND SHEEP AND BEEF INDUSTRIES 
1.1 Sheep 
Movements in aggregate sheep numbers in New Zealand 
for the period 1918 to 1975 are shown in Table 1. The table 
indicates that numbers increased over this 57 year period from 
26.5 million to 55.3 million. The average annual rate of increase 
was approximately 1.2 per cent but the rate of change fluctuated 
widely. There were two periods (1918-22 and 1930-33) during 
which numbers declined more than 10 per cent, and one 10 year 
period when total sheep numbers remained almost constant (1938-1948). 
However, from 1948 to 1968 numbers increased every year and total 
numbers reached more than 60 million. After 1968 numbers 
declined again to reach 55.3 million in 1975. 
The composition of the New Zealand flock changed from 
49 per cent ewes and 14 per cent wethers in 1918, to 74 per cent ewes 
and 2 per cent wethers in 1975. 
Production parameters are not available for all of this 
period. However, lambing percentage increased steadily frOll) 
80 per cent in 1919 to 100 per cent in 1961 but slowly declined thereafter. 
Between 1970 and 1975 it ranged froll) 91 to 95 per cent. Wool 
production per head increased from 5.20 kg in 1948/49 to 5.86 kg in 
1965/66. Thereafter it declined to a low point of 5.03 kg in 1973/74. 
1.2 B-eef Cattle 
Aggregate data on beef cattle are less comprehensive than 
for sheep, and prior to 1941 can only be estimated indi.rectly froll) 
statistics on total cattle and cows i.n ll)ilk. 
1. 
2. 
Estimated changes in beef cattle numbers over the period 
1918 to 1975 are shown in Table 2. This table shows that total 
beef cattle numbers increased from 1.8 million in 1918 to 6.5 million 
in 1975. The average annual rate of increase was 1.75 per cent but 
the annual rate fluctuated widely from -11. 7 per cent to +11. 8 per cent. 
Figures on meat production per head are not available for most of 
this period. 
It is evident that movements in beef cattle numbers have not 
always occurred in parallel with movements in sheep numbers. 
Comparative movements for the period 1918-1975 are shown in Figure 1. 
Prior to 1966 the long term growth rates for sheep and beef cattle were 
very similar, although short term divergences did occur. However, 
between 1966 and 1975 the growth rate for cattle was sustained at a 
very high rate, whereas sheep numbers remained almost static. 
1.3 Factors Influencing Changes in Production 
It is notable that livestock numbers increased rapidly during 
the boom times of the 1920s, declined markedly during the subsequent 
depression and then increased again up until World War II. The next 
period of marked expansion began in 1948 and coincided with the introduction 
of aerial topdres sing. This period of fas t growth continued until the 
late 1960s. The lower rate after 1968 coincided with (but was not 
necessarily caused by) a prolonged period of generally difficult climatic 
c ond i Eons. In addition, for much of this seven year period farm 
costs rose at a faster rate than product prices. 
A number of econometric models have been developed to 
investigate and quantify the factors influencing farm output. These 
include studies by Johnson (1955), Rowe (1956), Court (1967) and 
Rayner (1968), all of which are reviewed in Chapter 2. However, all 
of these models relate to time periods prior to 1968. The changes 
in sheep and beef cattle numbers that have occured since 1968 have 
TABLE 1 
Movements in Sh::-~ Numbers on New Zealand Farms, 1918-1975 
Change in Numbers from Index Year Total Sheep at 30 June the Preceding Year (1918=100) 
1918 26,538,302 100 
1919 25,828,552 
-709,750 97.33 
192O 23,919,970 
-1,908,582 90.13 
1921 23,285,031 
-634,939 87.74 
1922 22,222,259 
-1,062,772 83.73 
1923 23,081,439 -859,180 86.97 
1924 23,775,776 694,337 89.59 
1925 24,547,955 772,179 92.50 
1926 24,904,993 357,038 93.84 
1927 25,649,016 -744,023 96.64 
1928 27,133,810 1,484,794 102.24 
1929 29,051,382 1,917,572 109.46 
193O 30,841,287 1,789,905 116.21 
1931 29,792,576 
-1,048,711 112,26 
1932 28,691,788 
-1,100,788 108.11 
1933 27,755,966 
-935,822 104.58 
1934 28,649,038 893,072 107.95 
1935 29,076,754 427,716 109.56 
1936 30,113,704 
-1,037,000 113.47 
1937 31,305,818 1,192,114 117.96 
1938 32,378,774 1,072,956 122.00 
1939 31,897,091 
-481,683 120.19 
194O 31,062,875 
-834,216 117.04 
1941 31,751,660 688,785 119.64 
1942 No data available 
1943 No data available 
1944 33,200,298 125.10 
1945 33,974,612 774,314 128.02 
1946 No data available 
1947 32,681,799 123.14 
1948 32,483,138 
-198,661 122.40 
1949 32,844,918 361,780 123.76 
1950 33,856,558 1,011,640 127.57 
1951 34,785,386 928,828 131. 07 
1952 35,384,270 598,884 133.33 
1953 36,192,935 808,665 136.37 
1954 38,010,954 1,181,019 143.23 
1955 39,117,300 1,063,346 147.39 
1956 40,255,488 1,138,188 151.68 
1957 42,382,008 2,126,520 159.70 
1958 46,025,930 3,643,922 173.43 
1959 46,876,222 850,292 176.64 
1960 47,133,557 257,335 177.61 
1961 48,462,310 1,328,753 182.61 
1962 48,987,992 525,682 184.59 
1963 50,190,284 1,202,292 189.12 
1964 51,291,898 1,101,614 193.27 
1965 53,747,753 2,455,855 202.53 
1966 57,343,257 3,595,504 216.08 
1967 60,029,277 2,686,020 226.20 
1968 60,473,597 444,320 227.87 
1969 59,937,425 
-536,172 225.85 
1970 60,276,111 338,686 227.13 
1971 58,911,525 
-1,364,586 221.99 
1972 60,882,719 1,971,194 229.41 
1973 56,683,811 4,198,908 213.59 
1974 55,883,000 
-800,811 210.57 
1975 55,320,000 
-563,000 208.45 
Source: Derived from Mj ni sir \' of AQricllllurt' ". 1 i slH"ri0 S D;1 !.eL 
Year 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
Total Beef Cattle at 
June 30 
1.810,252 
1,937,098 
1,914,472 
1,803,893 
1,823,623 
1,785,872 
1,811,626 
1,702,720 
1,680,325 
1,485,412 
1,409,676 
1,508,984 
1,685,912 
1,831,227 
1,698,357 
1,606,153 
1,576,525 
1,551,556 
1,519,042 
1,680,993 
1,860,420 
1,948,229 
1,923,221 
1,906,468 
1,969,768 
1,875,109 
1,967,378 
2,072,511 
2,173,866 
2,047,990 
2,077,998 
2,041,408 
2,088,305 
2,148,592 
2,282,069 
2,478,302 
2,634,454 
2,807,724 
No data available 
2,861,085 
2,915,339 
2,969,651 
3,019,162 
3,334,309 
3,462,362 
3,557,907 
3,567,678 
3,627,576 
3,856,099 
4,241,152 
4,549,143 
4,811,791 
5,048,048 
5,280,000 
5,414,000 
5,733,000 
6,142.000 
6,528,000 
TABLE 2 
Change in Numbers Since 
Preceding Year 
126,846 
-22,626 
-110,579 
19,730 
-37,751 
25,754 
-108,906 
-22,395 
-194,9l3 
-75,737 
99,308 
176,928 
145,315 
-132,870 
-92,204 
-29,628 
-24,969 
-32,514 
161,951 
179,427 
87,809 
-22,008 
-16,753 
63,300 
-94,659 
92,269 
105,133 
101,355 
125,870 
30,008 
-36,590 
46,897 
60,287 
133,477 
196,233 
156,152 
173,270 
54,254 
54,312 
49,511 
315,147 
128,053 
95,545 
9,861 
59,808 
228,523 
385,053 
307,991 
262,648 
236,2!i7 
231,592 
134,000 
319,000 
409.000 
386.000 
Source: Deriv~d from New Zealand Department of Statistics Data 
Index 
(HI ] ()\); 
100 
107.01 
105.76 
99.65 
100.74 
98.65 
100.08 
94.06 
92.82 
82.06 
77.87 
83.36 
93.13 
101.16 
93.82 
88.73 
87.09 
85.71 
83.91 
92.86 
102.77 
107.62 
106.24 
105.32 
108.81 
103.58 
108.68 
114.49 
120.09 
113.l3 
114.79 
112.77 
115.36 
118.69 
126.06 
136.90 
145.53 
155.10 
158.05 
161.05 
164.05 
166.78 
184.19 
191. 26 
196.54 
197.09 
2 ° 0.39 
213.01 
234.29 
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1 
not previously been subjected to econometric analysis, although. 
there has been considerable discussion as to the reasons for the 
1 
decline in sheep numbers that occurred after 1968. 
See Taylor (1974) and Report of the Farm Industr y Incomes 
Advisory Committee (1975). 
CHAPTER 2 
A REVIEW OF PREVIOUS NEW ZEALAND 
PRODUCTION AND SUPPLY STUDIES 
2.1 Introduction 
In this chapter four of the major New Zealand production previous 
and supply studies are reviewed. The applicability of these models 
for analysis of the period up to 1975 is considered. 
2.2 Johnson's Model of Aggregate Farm Production 
Johnson (1955) analysed changes in aggregate agricultural 
output from 1928/29 to 1949/50 using a single equation model. 
The dependent variable was defined as "the total volume of New 
Zealand's farm production as computed by the Government 
Statis tic ian 'I. 
For use as an explanatory variable Johnson constructed 
an index of climatic conditions. The index represented total rainfall 
for the months January to March for each year, as measured at 
Ruakura Animal Research Station near Hamilton. 
A second explanatory variable was the area of hay and 
silage saved by New Zealand farmers in the preceding year. This hay 
and silage area affects the level of feeding during the intervening 
winter and Johnson suggested that it can be regarded as a measure of 
the lagged effect of climate. 
Firs t difference transformations of the logari thms were 
used to overcome serial correlation. The proportion of variance 
explained for the multiple regression was 0.46, with coefficients of 
both variables significant at the 5 per cent level. 
7. 
8. 
Johnson also atteITlpted to isolate a systeITlatic price 
eleITlent in the production series. However this atteITlpt was not 
successful and Johnson subsequently stated: 
"Our preliITlinary conclusion at this stage is 
that we have failed to isolate any real price 
influences in the farITl production series. We have 
only a negative indication that the supply function of 
New Zealand agriculture is highly inelas tic. In 
other words, not only is the supply of farITl products 
independent of the current ITlarket situation, but it 
also tends to be independent even of previous 
market situations. " 
2.3 Rowe's Study of EconoITlic Influences on Livestock Numbers 
Rowe (1956) analysed economic influences on livestock 
nUITlbers in New Zealand between 1920 and 1950, using a single 
equation model. The basic hypothesis of this study was that: 
"econoITlic factors account for most of 
the observed variation in livestock 
numbers. The residual variation may 
be attributed to technological, clima tic 
and other influences ". 
He hypothesised further that climatic factors 
"have relatively little influence on 
Ii ve stock numbers ", 
although he suggested they ITlay have marked effects on per head 
production. Consequently, climatic factors were not incorporated 
into this model. 
Initial selection of possible regressors was made using a 
'general knowledge of farITling practices', suppleITlented by 'graphical 
reconnais sanee'. Appropriate lags were determined in the same way. 
The dependent variable and the independent economic variables were 
expressed in logarithmic forITl on account of the better fit obtained and 
the i:mmediate identification of the beta coefficients wi th elas tici ties. 
The trend variable was calculated in non logarithITlic form. 
Results were presented for five different series of sheep and 
beef cattle numbers including lambs tailed, sheep shorn, beef cows, 
9. 
steers, and total beef cattle. For two of these series an alternative 
formulation of the model was also presented. 
reprinted here in Table 3. 
The results are 
TABLE 3 
Results of Rowels Study of Economic 
Influences on Lives tock Numbers 
Dependent Explanator y Lag 
Variable Variables In 
Years 
1 Lambs tailed 
2 Sheep shorn 
3 Sheep shorn 
4 Beef cows 
5 Ratio of beef 
Lamb to mutton 
price ratio 
Time 
Lamb to wool 
price ratio 
Lamb to mutton 
price ratio 
Mutton to wool 
price ratio 
Time 
Beef price to 
dair y return 
ratio 
Time 
Beef to wool price 
cows to sheep ratio 
shorn Real Beef price 
6 Steers Real beef price 
7 Total beef 
cattle 
Beef price to dairy 
return ratio 
Time 
1 
2 
2 
2 
4 
4 
2 
4 
4 
Von 
2 Neu-
R mann 
Ratio 
(a) 
0.96 o. 83 
0.64 0.86 
0.98 1. 54 
0.96 1. 13 
0.81 1. 77 
0.77 1. 42 
0.90 1. 21 
Beta 
Coeff-
icients 
(b) 
+0.34 
+9.8 
- 0.24 
+0.87 
- 0.19 
+5.4 
+0.29 
+8.3 
+0.29 
+0.22 
+0.48 
+0.17 
+5.0 
(a) The R2 figures were reported by Rowe in the form of the multiple 
correlation coefficient, R. For the sake of consistency throughout 
the present study, they have been converted here to R2 values. 
Standard 
Error 
(b) 
0.06 
1.3 
0.06 
0.11 
0.01 
0.2 
0.03 
0.4 
0.03 
0.04 
0.03 
0.03 
0.4 
(b) The beta coefficients and their standard errors are reprinted here exactly 
as recorded by Rowe. Rowe pointed out that since all variables except 
trend were run in logarithmic form, the parameter estimates for the 
trend variables should be preceded by a number of zeros to the right of 
the decimal point. Rowe multiplied these trend terms by 1000 for eas e 
of presentation. 
10. 
Since lamb, wool and mutton are all complementary 
products derived from sheep, it is difficult to assess the long run 
economic implications of those equations where price ratios of 
these products are used as explanatory variables. In addi tion, 
in the four equations in which a trend term is incorporated, it is 
this trend term that provides the majority of the explanation. 
This would seem to contradict Rowels original hypothesis that 
economic variables account for most of the observed variation, 
with the residual lattributed to technological, climatic, and other 
influences I. 
There are also some reservations concerning the statistical 
validi ty of Rowe ISS tud y. Rowe stated that: 
IIAlthough several residuals are highly 
autocorrelated, in only one case are the 
estimates of parameters less than five 
times their respective errors, so that 
we may feel fair! y confident of the 
significance of the estimates. II 
This suggests that Rowe has underestimated the effect 
of serial correlation and the consequent likelihood of spurious 
cor relation. The inappropriateness of making conclusions from 
results such as this has been clearly shown by Granger and 
Newbold (1974). 
In summary it is concluded that Rowels study does not 
provide evidence for economic factors influencing sheep and beef 
numbers. Neither, however, does it provide evidence that these 
factors are unimportant. 
2.4 Courtls Study of Supply Responses of Sheep and Beef Farmers 
Court (1967) estimated supply functions for lamb, mutton 
and beef using both the ordinary least squares method (OLS) and 
the method of two stage least squares (2SLS). He used a modified 
2 
version of Nerlove's adaptive expectations model to estimate 
short and long run price elasticities for these three products. 
The price elasticities for lamb, mutton and beef obtained 
by Court are as follows: 
Lamb 
Mutton 
Beef 
Short Run 
2SLS 
0.09 
-0.25 
-0.54 
OLS 
0.05 
-0.45 
- 0.30 
Long Run 
2SLS 
2.00 
-0.73 
-1.00 
OLS 
2.00 
-0.94 
0.16 
The negative short run supply elasticities could be 
explained by farmers building up stock numbers when prices increase 
in the expectation of increased future income outweighing present 
3 
income, but long run negative elasticities are harder to rationalise. 
This suggests that there may be errors of either measurement or 
specification incorporated into the model. 
Court also noted that: 
II An unfortunate aspect of the data used is that the 
series for lamb, mutton and beef show fairly 
strong trends over time which are due to reasons 
other than the income maximisation hypothesis and 
distributed lags upon which the model is based. " 
As Court pointed out, these trends show up in the Beta 
coefficients of the lagged supply variables and this results In 
overestimation of long run elasticities by unknown, but possibly 
ver y large amounts. 
2 
See Nerlove (1956) and Nerlove (1958). 
3 . 
NegatIve long term elasticities were also found by Bergstrom(1955) 
in a similar study covering the period 1922 to 1938. 
12. 
Court concluded that: 
"It is almost certain that definite economic 
influences on the supply of New Zealand 
meats exist and that these can be obtained 
from a model taking account of the decision 
making processes of the New Zealand farmer 
over time. That these influences cannot 
be determined very precisely seems to be 
characteristic of supply models in general. " 
2.5 Rayner I s Model of the New Zealand Sheep Industry 
Rayner (1968) developed a national sheep supply model 
in which sheep numbers were disaggregated into structural 
classes based on age and sex. Numbers in the main classes 
of sheep were analysed independently of each other. The 
explanatory variables used were a combined lamb price and 
wool price index lagged one year, and trend terms to account 
for technological change. 
The equations were originally estimated using data for 
the years 1952 to 1964 and were then re-estimated by Rayner 
incorporating 1965 data. As part of the present study the 
equations were further updated to 1973. 
Results for the two main classes of livestock, i. e. breeding 
ewes and ewe hoggets, are shown in Table 4. It is clear that the 
product prices index, although providing significant explanation 
for the first order differences over the period 1952 to 1964, performs 
p<;>orly over the longer period. 
TABLE 4 
Sheep Supply Functions as per Ra yner t s Model 
(a) Breeding Ewes 
(Dependent Variable Annual Change in Ewe Numbers) 
Product Prices 
Coefficient 
Constant Term 
2 
r 
Durbin Watson 
Statistic 
Obs e r va tionPe riod 
1952 to 1964 
(Rayner) 
21,641 
(SE not avail-
able) 
-1,465,500 
~:::~::: 
0.53 
2.69 
1952 to 1965 1952.to 1973 
(Rayner Update) (Woodford and 
(Woods Update) 
21, 771 8,460 
(SE not avail- (9,360) 
able) , 
-1,393,400 ":'161,731 
-'-,
0.34 .04 
1. 81 1.14 
(b) Ewe Hoggets 
(Dependent Variable: Annual Changes in Ewe Hogget Numbers) 
Observation Period 
1952 to 1965 1952 to 1973 1952 to 1964 
(Rayner) (Rayner TJpdate) (Woodford and 
Woods Update) 
Product Prices 11 , 019 11,098 
Coeffic ient (SE not avail- (SE not avail-
Constant 
2 
r 
Durbin Watson 
Statistic 
able) 
-1,016,000 
... 1 ...... ' .. 
.. f· ... ' .. 
0.42 
1. 87 
Significant at the 5% level 
Significant at the' 1 % level. 
able) 
-975,000 
0.27 
1. 58 
5,832 
(3,810) 
-447,278 
0.11 
2.14 
Note: Numbers in brackets indicate standard errors. 
13. 
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2.6 The Possibilities for a Revised Model 
At this stage of the present project consideration was 
given as to whether any of the studies reviewed in this chapter provided 
a basis for a revised model capable of explaining the changes in sheep 
and beef cattle numbers for the period up until 1975. 
In this respect, it is notable that the only model to take 
explicit account of climatic conditions is Johnsonls and that there are 
no published studies relating changes in livestock numbers to climatic 
condi tions. Therefore, if climatic conditions do influence farmer s I 
decisions relating to short term expansion or contraction of livestock 
numbers, then none of these models is suitable for quantifying this 
relationship. 
Similarly, in the three studies reviewed here which 
analysed livestock numbers, cattle were either omitted from the 
analysis or else analysed independently as a non- competitive clas s 
of livestock to sheep. Court (1967) stated: 
II This seems reasonable when considering the 
nature of New Zealand beef production, where 
beef cattle have in the past been used largely 
as agricultural implements to crush fern and 
second growth on rough country and to control 
pas ture growth in the spring. Generally, 
sheep farmers have not expected to make much 
profit from beef. II 
However, since the mid 1960s it is evident that increases 
in the beef price schedule have made beef rearing economically 
4· 
competitive on many classes of land. In addition, a structural change 
has taken place on many farms, and stocking rates have become 
sufficiently high that less cattle are needed for control of pasture 
quality. The result of this is that a transition from a complementary 
to a competitive relationship has occurred. 
referred to again in Chapters 3 and 4. 
4 See Johnson (1970). 
This aspect will be 
As a result of these problell1s it was considered that 
none of the published New Zealand production and supply ll10dels 
has either the structure or the specification to explain recent changes 
in livestock nUll1bers. Indeed, all that can be said is that one study 
provides strong evidence of c1ill1atic influences affecting aggregate 
production. The influence of econoll1ic factors is not clear and there 
is doubt as to whether the long run supply elasticities for SOll1e 
New Zealand livestock products are positive or negative. 
Consequently it was decided not to persist with further 
updating and revision of previously published ll10dels and that a new 
ll10del would be developed. 
15. 

CHAPTER 3 
THE AVAILABILITY AND SELECTION 
OF LIVESTOCK DATA 
3.1 Introduc tion 
In this chapter the alternative sources of livestock data 
available as input for an econometric time series model are discussed. 
The limitations and advantages associated with the use of both the 
Department of Statistics and Ministry of Agriculture & Fisheries census 
figures and the Meat and Wool Boards' Economic Service annual survey of 
sheep and beef farms are considered. The standardisation procedures 
that are necessary before the Meat and Wool Boards' Economic Service 
data can be used in a time series model are discussed. 
3.2 Aggregation Problems in Selecting Data 
If different farm types respond differently to given economic 
conditions, then analysis of any aggregate model will tend to be confounded 
by such behaviour. In addition, different types of farms may experience 
different economic and physical conditions at anyone point in time. This 
reasoning, together with dissatisfaction with the results obtained from 
previous studies of national aggregates implied that consideration should 
be given to using either a regional or farm type classification of data. 
3.3 Alternative Sources of Data 
Regional data on sheep numbers are published by the Ministry 
of Agriculture & Fisheries. Regional data on cattle numbers are 
published by the Department of Statistics. 
A preliminary analysis of these data indicated considerable 
variations in short term trends within the same statistical area. For instance 
in the Wellington statistical area during 1972/73, sheep numbers In 
Horowhenua County declined 25 per cent while in Rangi tikei County 
17. 
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they declined 2.7 per cent. Similar examples could be quoted for 
other statistical areas for other years. This indicates that either 
large errors of measurement are occurring, or else there is great 
heterogeneity within regions. In addition, there is no price and 
income data collected on a regional basis for incorporation into 
regres sion models. 
An alternative source of data on livestock numbers is the 
New Zealand Meat and Wool Boards' Economic Service annual survey 
of approximately 550 New Zealand sheep and beef farms. The 
objective of the survey is to provide a source of information on 
income and production trends within the industry and results are 
published in eight farming sub groups. The Meat and Wool Boards' 
Economic Service (henceforth referred to as the Economic Service) 
describes these farms as 'a random sample stratified by geographical 
5 
regions and by sheep numbers'. 
The eight classes of farm are defined as follows: 
1. HIGH COUNTRY, SOUTH ISLAND 
Extensive run country located at high altitude, carrying 
fine wool sheep, with wool as the main source of income. 
In Canterbury, Otago and Marlborough. 
2. HILL COUNTRY, SOUTH ISLAND 
Mainly fine wool sheep with a carrying capacity of over 
two livestock units per hectare. Wool and sales of cast-
for-age ewes are a major source of income. 
Mainly in Canterbury. 
5 . 
Further detalls concerning the survey frame and the sample 
are published in the Economic Service t s annual publication 
"Sheep and Beef Farm Survey". Stock reconc iliations for each 
clas s of farm are not printed in this publication, but the yare 
available on request from the Economic Service. 
3. HARD HILL COUNTRY, NORTH ISLAND 
Mainly Romney sheep. Cattle provide up to one third of 
the revenue, the balance being derived from the sale of 
store sheep and lambs, plus wool income. Mainly on 
East and West Coasts and Central Plateau of North Island. 
4. HILL COUNTRY, NORTH ISLAND 
Easier hill country and smaller holdings than Class 3. 
A high proportion of sale stock is sold in forward store or 
19. 
fat condition. These farms are located throughout the North Island. 
5. INTENSIVE FATTENING FARMS, NORTH ISLAND 
High producing grassland farms. Replacement ewes 
often bought in. Mainly in South Auckland, West Coast 
North Island and Hawke I s Bay. 
6. FATTENING-BREEDING FARMS, SOUTH ISLAND 
A more extensive type of fattening farm generally 
breeding its own replacements and frequently with 
some cash cropping. Mainly in Centerbury and Otago. 
7. INTENSIVE FATTENING FARMS, SOUTH ISLAND 
High producing grassland farms and with cash crop 
returns increasing in importance. 
Mainly in Southland, South and West Otago. 
8. MIXED CROPPING AND FATTENING FARMS, SOUTH ISLAND 
Mainly in Canterbur y wi th a high proportion of the 
income being derived from grain and small seeds. 
It is clear that the Economic Service Farm classes are 
specifically grouped so as to maximise the homogeneity of salient 
production characteristics. However, most of the eight classes have 
a wide geographical spread and initially it seemed this might compound 
the problem of finding suitable climatic indices for incorporation into 
the model. There is, however, no evidence available on this point, 
20. 
and it was considered possible that exactly the opposite may also occur. 
For example, a hill country farm in Hawke's Bay may experience 
climatic conditions more similar to those on a Wairarapa hill farm 
than on a Hawke's Bay flatland farm. 
3.4 Standardisation Requirements and Procedures 
Inevitably, there is a small turnover each year of farms 
in the surve y. This is caused by farm amalgamations, sales and 
purchases, and also by farmer deaths. In addition, as knowledge of 
the total farm population (i. e. the sample frame) has improved, some 
reselection has occurred to provide a more representative sample. 
6 
The Economic Service states that "the annual turnover of farms in 
the survey approximates that which takes place nationally". 
As a result of the continuing turnover in surveyed farms, 
the numbers of livestock recorded as being carried at the end of a 
year (i. e. 30 June) are seldom identical with the numbers recorded 
as being on hand at the start of the following year (i. e. 1 July). 
To take an extreme example, on Class 1 farms, the closing sheep 
numbers at 30/6/74 averaged 8095 whereas the opening sheep numbers 
for the same clas s of farm in the following year (i. e. 1/7/74) averaged 
6391. Accordingly, before the Economic Service live stock data can 
be used in a time series regression model, adjustment is necessary 
to link successive years of the survey so as to provide a continuous 
series of livestock numbers. 
6 
Anon (1976), p4. 
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Two possible standardisation procedures were considered. 
These were: 
1. Standardisation of total sheep stock units and total 
cattle stock units and pro rata adjustll1ent of cOll1ponent 
live stock serie s. 
2. Standardisation by individual age and sex groupings. 
The details of both these procedures are described in 
Appendix A and the relative ll1erits of each ll1ethod are also discussed. 
The ll1ethod finally chosen was to standardise total sheep 
units and total cattle stock units and then adjust the cOll1ponent 
livestock series on a.J2LQ rata basis. 
procedure: 
In SUll1ll1ary, this standardisation 
(a) Reconciles total livestock units at the end of each 
year with opening livestock units for the following 
years for both sheep and cattle. 
(b) Uses recent inforll1ation concerning the survey 
frall1e to reduce the influence of unrepresentativeness 
in the average size of the sall1ple farms for early 
years of the survey. 
However, the standardisation procedure doe s not attell1pt 
to separate out changes in stock slaughter policy, flock composition 
or herd cOll1position which have occurred as a result of structural 
change in the industry, from these sall1e changes caused by a change 
in the nature of the sample. These limitations are not considered 
important for a model based on aggregate sheep and aggregate cattle 
numbers. They could become of greater importance in a model 
incorpora ting biological relationships between different age clas se s 
of stock. 
22. 
3.5 The Standardised Livestock Series 
The annual percentage changes in total livestock units over 
the period 1964 to 1975 are shown for the eight classes of farrn in 
Figures 2 and 3. The variability between classes in the same seasons 
is particularly notable. It- is also notable, as shown in Table 5, that 
most of the increases in livestock units have occurred on the hill 
country farms. 
3.6 Validation of the Standardised Livestock Series 
Unless the standardised survey data are validated against 
other livestock series, there must inevitably be reservations as to 
whether the trends therein are representative of the trends within the 
total industry. Accordingly, a number of tests and analyses were 
performed on both the standardised survey data and also the New Zealand 
Government census data. 
be found in Appendix B. 
The detailed results of these analyses can 
The. overall conclusions of these analyses are as follows:-
1. There is strong evidence that errors of measurement are 
incorporated into the government census livestock series. 
These are not of major importance in determining long term 
trends within the industry; since they are random they tend 
to cancel out. However, the se errors are believed to be 
s U££iciently large as to confound any econometric analysis 
based on annual changes in stock numbers as measured by 
these series. 
2. The long term trends in the national aggregate of total sheep 
and beef cattle livestock units as measured by the standardised 
survey data correlate very closely with the trends as indicated 
by the government census data. There is, however, a 
tendency for increases in sheep numbers to be overestimated 
relative to the census data and increases in cattle to be under-
es timated by a compensa ting amount. It is believed that this 
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is a function of the survey frame definition. 
3. Comparison of national slaughtering statistics· with the 
first order differences series for sheep, cattle and total 
livestock units, as indicated by both the census data and 
the standardised survey data, suggests that the standardised 
survey data is the better indicator of annual changes 
occurring within the industry. 
TABLE 5 
Percentage Changes in Livestock Units 1964-1975 
Total Percentage Increase 
Class of Farm Sheep Cattle Sheep plus Cattle 
1. South Island High Country 18.9 193.7 35.5 
2. South Island Hill Country 28.5 118.0 46.1 
3. North Island Hard Hill 31. 0 45.3 36.5 Country 
4. North Island Hill Countr y 2 O. I 50.2 29.3 
5. Nor th Island Intensive 
- 4.1 94.5 18. I Fattening Farms 
6. South Island Fattening- 20.0 116.3 29.9 Breeding Farms 
7. South Island Intensive 12.8 73.6 17.7 Fattening Farms 
8. South Island Mixed Cropping 5.5 125.0 11. 1 
and Fattening Farms 
7 
For instance any farm substituting cattle for sheep to the extent 
that the sheep flock declined to less than 500 would automatically 
be excluded from the survey. In 1974/75 this minimum number 
of sheep was raised to 750. 
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CHAPTER 4 
MODEL SPECIFICATION 
4.1 Introduction 
This chapter discusses the specification of a lTIodel that 
relates changes in the nUlTIber of livestock units carried on farlTIS 
to physical and econom.ic factors. The m.odel is developed for the 
eight classes of sheep and beef farm.s as defined by the Meat and 
Wool Boards' Econom.ic Service. 
4.2 Selection of Dependent Variable 
The two com.ponents of total output of livestock products 
are num.bers of livestock units and per head production. The m.ajor 
long term. com.ponent of changes in output is considered to be changes 
in livestock units; it is also the com.ponent which farlTIers can 
change by direct decision. In this m.odel annual changes in livestock 
units are used throughout as the dependent variable. 
Total sheep num.bers can be broken down into classes by 
age and sex. However, the nUlTIbers in each clas s are obviously in 
part interdependent, and all classes of sheep are cOlTIpetitive for the 
s am.e feed on m.ost types of farlTI. Sim.ilarly, it is clear that sheep 
and cattle com.pete for the sam.e resources, at least at the m.argin, on 
most New Zealand farm.s. Therefore, an index of total livestock units, 
in which the num.bers in each class of livestock are adjusted by their 
relative feed requirem.ents, will be the best m.easure of total carrying 
capacity. The num.bers of anim.als that farm.ers carry within each of 
these livestock classes will be a function of their respective resource 
requirem.ents and of relative output prices. 
27. 
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4.3 Length of Data Series 
Accurate livestock reconciliations are not available 
for years prior to 1964. In any case it is considered that earlier 
observations would relate to a period with rather different socio-
economic and physical conditions, and one in which the relationship 
between sheep and beef cattle tended to be non competitive. The 
model was therefore developed using data for the period 1964 to 1975. 
4.4 Responses to Climatic and Other Physical Factors 
There are many New Zealand studies which have related 
annual fluctuations in agricultural output to inter-year variability 
of weather conditions. 8 However, there are no published studies 
concerning interactions between this weather variability and annual 
changes in stock numbers. 
It is contended here that the critical period of the year 
which limits overall stocking rate on most New Zealand farms is 
the winter -and early spring. Decisions (at least at the margin) as 
to the numbers to be carried over this period are usually made in 
the autumn and on most farms these will be based on: 
1. Availability of feed - either ;in situ or conserved. 
2. The present 'condition of stock. 
In years when feed is short then more stock are culled 
and less stock bought. In years when there is a satisfactory supply 
of feed the converse occurs. 
8 
Some recent examples are Maunder (1974), Thompson and 
Taylor (1975) and Rich and Taylor (1977), 
It is likely that any long term trends in overall livestock 
condition and feed conserved will be a function of technical progress, 
investment and management practices. However, Johnson (1955) 
2 
found significant correlation (r = 0.32) for the Waikato district 
between feed conserved and seasonal rainfall conditions in the period 
29. 
January to March, and there are obvious a priori reasons for expecting 
a similar relationship between rainfall and livestock condition. 
Consequently rainfall was included in the model as an independent 
variable. 
Construction of rainfall indices posed considerable 
problems. Not only are most farm classes widely spread geographically, 
but most climatic stations tend to be situated near centres of population. 
Consequently there are some limitations, especially for hill country 
areas as to the applicability of the rainfall data used. 
The method used was to group the survey farms In each 
clas s into geographical areas. The most appropriate climatic 
station for each area was then chosen and the rainfall weighted 
according to the proportion of farms within that area. Initially 
two separate rainfall indices were considered appropriate - one being 
for the three months October to December and the other for January 
to March. However, after graphical analysis and some preliminar y 
regressions it was found that there was minimal loss of explanation 
if these were combined into one index for total rainfall over this six 
month per iod. 
Clearly there are a number of physical factors other 
than rainfall that may cause annual variability in both the condition 
of livestock and the amount of feed conserved. Temperature, wind 
and sunlight are three climatic examples. Annual changes in the 
severity of pests and diseases are two further possibilities, although 
much of this variability may be a direct result of the climatic factors 
previously listed. 
3 O. 
Unfortunately there are considerable problems incorporating 
many of these physical factors into an econometric model. Thus, the 
use of proxies must be considered. 9 Two such possibilities are: 
(0 Wool weights per head. 
(ii) Lambing percentage. 
Consider first the use of wool weights per head. The 
Economic Service data on wool weight per head are already adjusted 
for wool on the sheep's back at the beginning and end of the year, 
and also for wool bought and sold on the sheep's back during the year. 
Consequently it would seem to be a satisfactory index of feed 
availability per livestock unit over the total growing season. 
Research by Rich & Taylor (1977) indicates that soil moisture 
conditions are the most important determinant of fluctuations in 
annual wool we ights per head. 
If we regard wool weights as being a proxy for physical 
factors affecting feed availability, then changes in opening numbers 
of livestock units between years t and t + 1, (i. e. changes in livestock 
units during the year t) can be expected to be positively correlated 
with wool weights in year t. 
Research by Rich & Taylor (1977) has also shown that 
wool weights in year t are negatively correlated with livestock units 
ca"r ried at the start of year t. 10 Thus, it is possible that changes 
in livestock units between the start of years t and t + 1 are themselves 
a function of total livestock units at the start of year t. Accordingly, 
there is a possibility that the dependent variable is negatively auto-
cor related. This possibility will be referred to again in Section 4.5.1. 
9 
10 
A similar approach has been used in an Australian study by 
Dalton & Lee (1975). 
However"" it remains unclear as to how much of this explanation 
attributed to the livestock unit index is due to a linear trend in 
both the dependent and independent variables. 
It is also possible that wool weights per head, as well 
as being a proxy for physical factors affecting availability. act as 
a direct determinant of livestock unit numbers. At the time when 
culling decisions are being made in the autumn farmers are already 
likely to be aware of any marked trends in wool production. If 
production is low and farmers are dissatisfied with either wool 
quality or per head production, then numbers may be reduced in an 
attempt to raise total output. Expressed slightly differently, wool 
weights per head may act as a direct indicator to the farmer as to 
whether he is "understocked" or "overstocked". 
The use of lambing percentage as an alternative proxy 
was considered. However research has clearly shown that lambing 
percentage is affected by at least three distinct seasonal factors, 
i. e. weather at lambing, the weight of ewes at tupping and also the 
level of nutrition at tupping. 11 Owing to the complexity of those 
relationships it was decided not to persist in this study with the use 
of lambing percentage as a proxy for physical factors affecting 
feed availability. 
11 
For a statistical analysis of the factors determining lambing 
percentage see Rich & Taylor (1977). 
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4.5 Economic Response Factors 
It is possible to hypothesise a nurnber of different 
responses to economic factors, all of ViDich aTe :rational given 
specific situations. While some of these responses are mutually 
exclusive, others can occur together. 
Livestock number changes in response to economic 
factors may include: 
1. A positive price expectations response where fanners alter 
livestock numbers in response to a change in the 
expected level of product prices. 
2. An investment response which is a function of gross 
farm income in preceding year s. 
3. A short run income maximisation response where farmers 
4. 
sell more potential breeding stock when meat prices are 
high, in an attempt to "cash in" on the high prices while 
they are maintained. 
A short run income supplementation response 
liquidity considerations force farITlers to sell additional 
livestock when product prices are low, 
In the following sections these responses are considered 
in more detail. 
4.5.1 Price Expectation Responses. 
be of two type s: 
These responses may 
(i) Substitution responses where output of one or rnore 
produc ts is increased at the expens e of output of some other 
products. 
(ii) Intensification responses where there is a movement 
along the production curve until the new equilibrium point 
is reached where expec ted marginal revenue equals expec ted 
marginal cos t. 
In general, substitution responses can be expected to 
occur when two or more products compete for the same set of 
resources. The ratio in which farmer s produce the products will 
be a function of relative expected prices, and in an open market 
situation these expected prices can be hypothesised as being a 
function of prices in preceding years. Such adaptive expectation 
12 
models are well recorded in economic literature. 
The opportunities for New Zealand sheep and beef 
farmers to substitute other forms of production are in gieneral 
very limited. There will be some substitution between sheep and 
33. 
cattle, but these relationships are by definition excluded from models 
such as these where the dependent variable is the total number of 
. 13 
sheep and cattle livestock units. 
12 
13 
See Koyck (1954) & Nerlove (1956) for a theoretical exposition 
of the method. 
The only other substitution opportunities of potential importance 
on either a regional or national scale are dairying and cash 
cropping. With the possible exception of cash cropping activities 
on Classes 7 and 8 there is no evidence to suggest that such 
substitution has been important during the period of this study. 
However, to the extent that su-ch substitution does occur then we might 
hypothesise a relationship where changes in livestock units of 
sheep and cattle are a function of prices for sheep and cattle 
products relative to prices for the competing products. 
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If intensification responses occur then it is apparent 
that, in contrast to substitution responses, changes in the level 
of output will be a function of changes in the real value of the product 
price variables; price ratios will not be relevant. 
Unfortunately these responses are further cOIT1plicated 
by the need for additional investIT1ent in livestock,and also. possibly 
other resources, before any intensification can occur. Thus, 
although the desired response will steIT1 frOIT1 expected prices, 
the actual response IT1ay be constrained by the availability of cash 
for investIT1ent. 
As IT1entioned previously the usual IT1ethod of handling 
expectation responses is via distributed lags. It can be shown that 
if (1) the long run supply interval is greater than one year, and 
(2) farIT1ers estiIT1ate future prices based on present and previous 
prices, then the actual response in year t will be a function 
of the re s ponse in year t - 1, the re s ponse in year t - 2, and the 
t - 1. 1 4 change in prices between years t and 
i. e. 
.L). S t = fn (Li S l' ~ S 2 ' L1 P t ) t- t-
where ~St is the change in lives tock units in year t 
14 
15 
.~S 1 t- is the change in livestock units in year t - 1 
.6 St_2 is the change in livestock units in year t - 2 
.6 P
t 
is the change in product prices between 
year t and year t - 1. 15 
See Nerlove (1958) and Watts (1958). The equations derived by 
these authors are for the total level of activity (be it stock or crop) 
rather than annual changes in that activity. However the 
principles of the derivation reIT1ain the saIT1e. 
Since the culling decisions are IT1ade towards the end of the year 
product prices for that year (i. e. year t) will already be known. 
Unfortunately this method demands some sacrifice in 
degrees of freedom. For the present study, where the number 
of years of data was limited, this was of particular importance. 
\ 
Therefore a preliminary model was specified to test whether price 
expectation responses should be included in the main model. 
There were problems in choosing an appropriate price 
variable, since average product prices over the whole season 
were not available in all year s. This problem was particularly 
serious on those farm classes where sale of store livestock is 
35. 
important. Accordingly, for the present study the most appropriate 
variable was considered to be deflated gross income per livestock 
unit as recorded in the accounts of the survey farms. Thi s variable 
provides a measure of output prices as actually experienced on 
these survey farms. The data will be biased by seasonal variations 
in the volume of farm output per livestock unit and this bias 
theoretically requires correction. However these variations are 
believed to be quite minor in comparison to price fluctuations 
(see, for example, Chudleigh and Filan (1976)). By deflating 
gross income by the Economic Service I s input prices index, and 
dividing by total livestock numbers, the major trends have been 
removed from the data. 
The regression results obtained from the preliminary model 
were disappointing for all farm clas ses, with no relationship being 
found between changes in livestock units and deflated gross incomes 
per lives tock unit. Simplification of the model formulation, with 
the two year lagged dependent variable omitted, failed to improve the 
results. 
In Table 6 the simple correlation coefficient between the 
dependent variable and its lagged value is shown for each clas s of farm. 
The fact that none of the coefficients is significant indicates not only 
that there are no statistically significant distributed lag responses 
to price expectation effects, but also that there are unlikely to be 
significant distributed lag responses to other fac tors. Recall, however, 
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that there was the possibility of negative autocorrelation of the 
dependent variable (Section 4. 4). It is possible that the two 
different types of response are cancelling each other out. 
On account of the disappointing results obtaine'd from 
the preliminary regressions it was decided not to continue with 
the modelling of price expectation responses. 
TABLE 6 
Correlation Coefficients between Annual Changes in 
Livestock Units and Annual Changes in Livestock Units 
Lagged One Year for the Eight Classes of Farm 
Class of 
Farm 
1 
2 
3 
4 
5 
6 
7 
8 
Simple Cor relation Coefficient, r 
.02 
.11 
.15 
.43 
.35 
-.19 
-.27 
-.08 
4.5.2 Investment Responses. It was hypothesised 
that there is an investment relationship linking ,real gross farm 
income per livestock unit to subsequent changes in livestock 
16 
numbers. Such a relationship may be considered as comprising 
several components. 
Livestock Units = fn (Farm Investment) 
37. 
l. 
2. 
3. 
Farm Investment 
Cash Farm Expenditure 
= 
= 
fn (Cash Farm Expenditure) 
fn (Gross Farm Income) 
The relationship between livestock units and investment 
is undoubtedly a complex one owing to different types of invest-
ment operating with different lags. For example, investment in 
fertiliser may increase pasture productivity in less than three 
months, whereas investment in irrigation, especially if pasture 
renewal is required, may not give a response for two or three 
years. Consequently, if the investment resource mix varies 
between years then this will tend to confound any attempt at 
delineating a link between this investment and any subsequent 
livestock increases. 
The relationship between inve stment and cash farm 
expenditure is not immediately obvious. However, many of the 
items included in farm expenditure, such as fertiliser, fencing and 
contract expenses, can have an inves tment component. It therefore 
seems reasonable to regard fluctuations in annual expenditure as being, 
at J.2ast in part, an indicator of fluctuations in levels of. investment. 
16 . Note that thIS investment response is hypothesised as 
being a function of total real gross farm income per livestock 
unit. The price expectations response discussed in the 
preceding section was hypothesised as being a function of 
annual changes in real gross farm income per livestock unit. 
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Consequently, although not all fann investment is recorded as 
farm expenditure in farm accounts, farm expenditure is often used 
as a proxy for farm inve stment. 1 7 
It seems reasonable to assume that fluctuations in cash 
farm expenditure are a function of fluctuations in gross farm income. 
In addition, on account of the progressive marginal tax structure 
in New Zealand, most of this expenditure can be expected to occur 
in the same year as the income is received. To test this postulate 
a regression of farm cash expenditure on gross farm income in the 
same year was carried out for each of the eight farm classes. Prior 
to the regressions being performed the major trends in both sets of 
data were removed by deflating by a farm co sts index and dividing 
by the number of livestock units carried. The results, which refer 
to the period 1964 to 1974, are shown in Table 7. It is clear from 
these results that there is a close link between farm expenditure and 
18 gross farm incomes. 
It is clear from the above discussion that although we can 
expect carrying capacity to be linked to real gross farm income per 
livestock unit by an investment response, there are a number of factors 
which complicate the quantification of such a relationship. 
17 F 
or an example see Taylor (1976). 
18 
It could be argued that this income is itself a function of 
expendi ture in the current year. However, since the 
major component of income variation is product prices rather 
than output volume, it seems reasonable to accept the 
direction of causation as initially hypothesised. Nevertheless, 
the possibility of some simultaneous equation bias being 
present cannot be excluded. 
Farm 
Class 
1 
2 
3 
4 
5 
6 
7 
8 
......... 1 ... 
TABLE 7 
The Relationship between Gross Income and 
Cash Farm Expenditure on Sheep and Beef Farms 
(Depend~nt Variable: Cash Farm Expenditure) 
Period: 1964 to 1974 
Beta Constant 
R2 
F 
Coefficient Term Statistic 
... 1 ..... 1 .. 
... ' ..... f ... 
0.37 11675 0.80 34.07 
(0.06) 
,'-
-,' 
0.21 10645 0.44 6~23 
(0.08) 
0.22 11154 0.29 3.29 
(0.12) 
.. ' ...... , .. 
"1"""',,, 
0.19 7580 0.64 14.43 
(0.05 ) 
.. ' .... ' .. .. ,..... ,... 
0.26 5243 O. 81 35.1 
(0.04) 
......... 1 ... 
......... , ... 
0.30 7027 0.68 16.83 
(0.07) 
.. ,.1 ..... 1 .. 
.. 1' .... , ... 
0.30 5006 0.87 55.57 
(0.04) 
... 1 .... 1 .. 
... , .... , ... 
0.36 6299 0.67 16.37 
(0.08) 
Significant at the 5% level 
-,--,' Significant at the 1 % level 
Note: Numbers in brackets indicate standard errors. 
39. 
40. 
The fact that different types of investment have different 
lags indicated that a distributed lag relationship would be 
appropriate. However, owing to the failure in Section 4. 5. I 
to establish a relationship between the .dependent variable and 
its lagged value, and also on account of the limited number of 
degrees of freedom available, a simplified formulation was used 
where 
L\St = fn(It_l) 
where LiSt = change in livestock units during the year t 
and I
t
_1 = gross income lagged one year. 
It is emphasised that the relationship modelled here is 
not the total investment relationship. Rather, it is an attempt 
to measure that part of farm investment that varies between 
year s and that is dependent on farm incomes. Since the dependent 
variable is annual changes in livestock units rather than the absolute 
number of livestock units, any linear trend that investment exerts 
on the absolute number of livestock units will be measured by the 
. 19 
regressIOn constant. In addition, to the extent that for some 
types of investment farmers may not adjust their livestock numbers 
until there is visual evidence of the effec ts of this investment on 
pasture productivity, then any investment response may be in part 
measured by the wool weight proxy for seasonal conditions. 
19 However, this is not the only factor determining the 
size of the constant, which can be regarded as a "catch all" 
for all constant factors be they physical, economic, or a 
combination of the two (e. g. where technological advances 
require investment if they are to be implemented). 
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4.5.3 Short Run Economic .Responses. In the short run 
situation a different set of response patterns to economic factors 
may occur than for the long run situation. For instance, if the 
prices for all meat products (lamb, mutton and beef) are high, 
then farmers m.ay decide to "cash in!' on the higher prices while 
they last. However, if these prices are believ3d part of a longer 
term trend then farmers may retain stock in the belief that the 
additional revenue in future years will more than compensate for 
reduced income in the short term. The final relationship will 
depend on the nature of the relationship between actual prices and 
20 
expected prices, and also on farmers! rates of time preference. 
If prices are high for only some classes of meat then a short run 
effect on aggregate numbers is less likely, but a substitution effect 
between classes of livestock could occur. 
Yet another possibility is that liquidity problems may force 
farmers to sell additional stock when product prices are low. 
However, wi thin the New Zealand context it seems unlikely that a 
significant proportion of farmers have been in such a situation 
during the time period that is being considered. Therefore, if a 
short run response does exist, it is most likely to be due to 
I cashing in I on high prices, and withholding stock when prices 
are low. 
Given this situation, the appropriate explanatory variable 
will be meat prices rather than all product prices. In addi tion, 
it will be meat prices in the current year that al<e of relevance. 
20 The h·~.Tpothesl·s here' th t f t· 
. IS a armers are ac Ing as managers 
whose aim is to maximise the discounted net present value 
of their livestock assets. For a more detailed exposition 
of this hypothesis refer to Jarvis (1974). 
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For similar reasons to those that applied for the price 
expectation responses considered in Section 4.5.1, the most 
satisfactory available variable for meat prices is the gross ihcome 
in the meat accounts of the survey farms. Prior to incorporation 
in the present study this variable has been deflated by the Economic 
Service's input price index, and divided by total livestock units. 
CHAPTER 5 
RESULTS OF REGRESSION ANALYSES 
Results of four different formulations of the single 
equation model are shown for each of the eight farm classes 
in Tables 8 - 15. 
In the first regression in each table, the independent 
variable is rainfall in millimetres for the six months October to 
March. Recall that this six month per iod was chosen following 
preliminar y analyses in which this index was compared wi th 
two separate three month rainfall indices as alternative 
explanatory variables (Section 4.4). 
The second regres sion in each table adds two economic 
variables. The first of these was added to test the hypothesis 
that changes in livestock numbers are positively related, via an 
investment response, to gross income per livestock unit in the 
preceding year. The second economic variable was added to 
test the hypothesis that farmers react to high meat prices in the 
current year by selling additional livestock to I cash in I while 
these prices are maintained. 
In the third and fourth regressions the rainfall variable 
has been replaced wi th wool weights per head as a proxy for 
physical factors affecting feed availability per stock unit. 
43. 
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TABLE 8 
Regressions for Class 1 
South Island High Countr y 
(Dependent Variable: Annual Changes in 
Livestock Units per Farm) 
Period: 1964/65 to 1974/75 
Inde pendent Regres sion Coefficients 
Variables Equation Equation Equation 
1 2 3 
Six Month Rainfall - 0.202 -0.602 
Index (mm) (0.525) (0.790) 
... ' ..... ..1 ... 
"""!,, 
Wool weights per 501.2 
head (kg) (95. 8) 
Gross Incomes per 
Livestock Unit 1.9 
Lagged (39.9) 
One Year 
Meat Prices in the -108. 4 
Current Year (140.7) 
Constant 222.5 458.3 -1899 
R2 
.02 0.10 • 75 
... .1 ..... ' ... 
.. , ........ 
F Statistic 0.15 0.25 27.4 
Durbin Watson 
Statistic 1. 70 1. 54 1. 42 
Significant at the 5% level 
Significant at the 1 % level 
Note: Numbers in brackets indicate standard errors. 
Equation 
4 
:::::: :::~ 
527.1 
(101.6) 
-4.3 
(16.8) 
83.7 
(50.1) 
-2284 
• 82 
... 1 ... ,,1 ... 
..f ...... ' .. 
10. 87 
1. 96 
TABLE 9 
Regressions for Class 2 
South Island Hill Countr y 
(Dependent Variable: Annual Changes in 
Lives tock Units per Farm) 
Period: 1964/65 to 1974/75 
Independent Regression Coeffic ients 
Variables Equation Equation Equation 
1 2 3 
Six Month Rainfall -0.001 -0.542 
Index (mm) (0.558) (0.428) 
~::: ~::: 
Wool weight per 219.6 
head (kg) (40. 8) 
~:< 
Gross Income per -57.1 
Livestock Unit (22.6) 
Lagged 
One Year 
):-:: ~:( 
Meat Prices in the -160.7 
Current Year (44.6) 
Constant 152.6 1148 -905 
R2 0.00 0.73 0.76 
)::: ):< ;;:< 
F Statistic 0.0 6.50 28.9 
Durbin Watson 
Statistic 1. 85 2.14 1.72 
Significant at the 5% level 
Significant at tht:: 1 % level 
Note: Numbers in brackets indicate standard errors. 
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Equation 
4 
.. 1 .... 1 .. 
.. , .... I' 
149 
(40.8) 
-32.9 
(16. 7) 
-'-,
-74.2 
(28. 4) 
-153 
0 0 89 
::;::::;:: 
18.66 
1. 57 
46. 
TABLE 10 
Regressions for Class 3 
North Island Hard Hill Country 
(Dependent Variable: Annual Changes in 
Li vestock Units per Farm) 
Period: 1964/65 to 1974/75 
Independent Regression Coefficients 
Variables Equation Equation Equation 
1 2 3 
Six Month Rainfall 0.283 -0.033 
Index (mm) (0.410) (0. 575) 
>:;: ~:< 
Wool weights per 308.1 
head (kg) (81. 8) 
Gross Income per 
Livestock Unit 22.2 
Lagged 46.3 } 
One Year 
Meat Prices in the -67.5 
Current Year (96.3 ) 
Constant 
-9.9 190.8 -1428 
R2 
.05 .15 .61 
•• .1 .... 1 .. 
... , .... , .. 
F Statistic 0.5 .42 14.2 
Durbin Watson 
Sta tis tic 1. 44 1. 38 2.35 
Significant at the 5% level 
Significant at the 1 % level 
Not~: Numbers in brackets indicate standard errors. 
Equation 
4 
293.2 
(83.9 ) 
21. 9 
(27. 7) 
-45.2 
(45. 1 ) 
-1331 
0.69 
5.2 
2.13 
TABLE 11 
Regressions for Class 4 
North Island Hill Countr y 
(Dependent Variable: Annual Changes in 
Li vestock Units per Farm) 
Period: 1964/65 to 1974/75 
Independent Regression Coefficients 
Variables Equation Equation Equation 
1 2 3 
Six Month Rainfall 0.484 0.549 
Index (mm) (0.247) (0.304) 
~:~ :::::: 
Wool weights per 282.2 
head (kg) (78.9) 
Gross Income per 
Livestock Unit 32.8 
Lagged (25. 7) 
One Year 
Meat Prices in the 13. 5 
Current Year (53.9) 
Constant -1 74. 8 -436.9 -1469 
R2 0.30 0.43 0.58 
... 1 .. ,1 ... 
......... , ... 
F Statistic 3.84 1. 78 12.79 
Durbin Watson 
Statistic 1. 50 1. 56 1. 93 
Significant at the 5% level 
Significant at the 1 % level 
Note: Numbers in brackets indicate standard errors 
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Equation 
4 
.. I ... ,! .... 
"'I~ "'," 
286.4 
(66.4) 
28.1 
(16.2) 
-47.6 
(28. 3) 
-1495 
.77 
-'-,
7.94 
1. 85 
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TABLE 12 
Regres sions for C1as s 5 
North Island Intensive Fattening Farms 
(Dependent Variable: Annual Changes in 
Livestock Units per Farm) 
Period: 1964/65 to 1975/75 
Independent Regression Coeffic ients 
Variables Equation Equation Equation 
1 2 3 
.. 1 ..... 1 ... 
Six Month Rainfall 
"'r""'," 
0.387 0.408 
Index (mm) (0.089) (0.103) 
-,-
-,-
Wool weights per 124.2 
head (kg) (53. 8) 
Gro ss Income per 
Li vestock Unit 15.4 
Lagged (9. 9) 
One Year 
Meat Prices in the 9.0 
Current Year (20 ) 
Constant -152.7 - 301. 6 -637.2 
R2 0.68 0.77 0.37 
.. 1 ..... 1 .... 
-'- -'-
F Statistic 
......... 1' .. , ,
18.9 7.77 5.33 
Durbin Watson 
S ta tis tic 2.23 2.03 2.83 
Significant at the 50/0 level 
Significant at the 1 % level 
Note: Numbers in brackets indicate standard errors. 
Equation 
4 
111.1 
(53.4) 
17.1 
(14.0) 
-26.1 
(24. 1 ) 
-578.5 
0.53 
2. 71 
2.60 
TABLE 13 
Regres sions for Clas s 6 
South Island Fattening Breeding Farms 
(Dependent Variable: Annual Changes In 
Livestock Units per Farm) 
Period: 1964/65 to 1974/75 
Independent Regression Coefficients 
Variables Equation Equation Equation 
1 2 3 
Six Month Rainfall 0.468 0.141 
Index (mm) (0.312) (0.334) 
:::~ 
Wool weights per 86.5 
head (kg) (35.5) 
Gross Income per 
Livestock Unit 3.47 
Lagged (15.0) 
One Year 
-'-,
Meat Prices in the -69.5 
Current Year (32. 8) 
Constant -143.0 230 -409.1 
R2 0.20 0.51 0.40 
-'-,
F Statistic 2.24 2.47 5.92 
Durbin Watson 
Statistic 2.18 1. 95 3.1 
Significant at the 5% level 
Significant at the 1 % level 
Note: Numbers in brackets indicate standard errors. 
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Equation 
4 
56.9 
(33.8) 
6.2 
(11. 8) 
-,-
-,-
- 58.1 
(26. 7) 
-79.6 
0.65 
-'-,
4.26 
2.59 
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TABLE 14 
Regressions for Class 7 
South Island Intensive Fattening Farms 
(Dependent Variable: Annual Changes In 
Livestock Units per Farm) 
Period: 1964/65 to 1974/75 
Independent 
Variables 
Six Month Rainfall 
Index (mm) 
Wool weights per 
head (kg) 
Gros s Income per 
Livestock Unit 
Lagged 
One Year 
Meat Prices in the 
Current Year 
Cons tant 
F Stati stic 
Durbin Watson 
Sta tis tic 
Equation 
1 
0.456 
(0.167) 
-168.11 
0.45 
7.43 
2.75 
Significant at the 5% level 
:;:~ ):::: 
Significant at the 1 % level 
Regression 
Equation 
2 
0.450 
(0.222) 
7.3 
(10.6) 
-12. 7 
(294) 
-222.0 
.49 
2.22 
2.64 
Coefficients 
Equation 
3 
73.6 
(36.1) 
- 424.5 
0.32 
4.16 
2.84 
Note: Numbers in brackets indicate standard errors. 
Equation 
4 
75.7 
(53.4) 
9.0 
(11.9) 
-32.2 
(367) 
-498.3 
0.37 
1. 36 
2. 72 
TABLE 15 
Regressions for Class 8 
South Island Mixed Cropping & Fattening Farms 
(Dependent Variable: Annual Changes in 
Livestock Units per Farm) 
Period 1964/65 to 1974/75 
Independent Regres sion Coefficients 
Variables Equation Equation Equation 
1 2 3 
Six Month Rainfall -0.029 -0.107 
Index (mm) (0.155) (0.160) 
-'-,
Wool weights per 62.0 
head (kg) (23. 6) 
Gross Income per 
Livestock Unit 2.3 
Lagged (9.6) 
One Year 
Meat Prices in the 40.3 
Cur rent Year (19.7) 
Constant 22.7 -141. 8 -313 
R2 0.00 .38 .43 
);::: 
F Sta ti s tic 0.04 1. 41 6.92 
Durbin Watson 
Sta tis tic 1. 70 1. 44 2.36 
Significant at the 5% level 
Significant at the 1 % level 
Note: Numbers in brackets indicate standard errors. 
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Equation 
4 
48.5 
(25. 8) 
1.1 
(7.2) 
24.5 
(17. 7) 
-355.0 
.56 
2.97 
2.06 
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All equations were tested for multicollinearity. For 
the economic variables, the correlation coefficient, 1', between 
the two variables was less than 0.3 in all cases. However, for 
Classes 1, 2 and 6 the correlation between wool weights per head 
and meat prices were 0.56, -0.45 and -0.41 respectively. 
Consequently there is some instability of the Beta coefficients 
between equations 3 and 4 for these classes of farm. However, 
this instability is not sufficient to be of serious concern at this 
stage of model development. 
All equations were also tested for serial correlation. 
The Durbin Watson statistics shown in Tables 8 - 15 show that 
there is no strong evidence for the presence of serial correlation, 
but for several equations the statistic does lie within the region 
. 21 
of uncertaInty. 
The overall conclusion drawn from these serial correlation 
and multicollinearily tests is that, with only minor reservations, 
confidence can be held in the statistical measures of significance 
used in evaluating these equations. 
It is apparent from Tables 8 - 15 that wool weights per 
head are positively correlated with annual changes in livestock units. 
Li ve stock uni ts have tended to inc reas eat the end of a season when 
wool weights v:ere high and either decrease or else increase at a 
lower rate following a season when wool weights '"vere 10',,\. On hill 
country classes of farm (i. e. Classes 1 to 4) this wool weight variable 
is significant at the 1 per cent level and it explains an average of 
21 
Since the dependent variable is the series of first order 
differences of livestock units rather than the series of 
absolute numbers of livestock units carried in each year, 
the likelihood of high levels of serial correlation has been 
considerably reduced. 
68 per cent of the variation in the dependent variable. On the 
other four clas ses it is significant at the 5 per tent level in three 
instances and just fails at this level of significance for Class 7. 22 
It succeeds in explaining approximately 40 per cent of the variation 
for the se four clas s e s. 
The rainfall index is a much less powerful indicator of 
changes in livestock units than is wool weights per head. For 
Class 5 the rainfall index explains 68 per cent of the variation in 
the dependent variable (significant at the 1 per cent level) and for 
Class 7 it explains 45 per cent of the variation (significant at the 
5 per cent level), but for the other classes of farm the relationship 
is either weak or non existent. The equations were subsequently 
rerun in logarithmic form to minimise the effect of extreme rainfall 
values, but no improvement was gained. 
The two most likely reasons for the disappointing results 
with the rainfall index are: 
1. Rainfall variability is not the major determinant 
of annual fluctuations in feed availability. 
2. The rainfall indices used here are not 
representative of actual rainfall on the 
sample farms. 
No conclusions as to the relative importance of these two 
53. 
factors are made here. However, it is considered that these indices 
are as representative as is possible with the present distribution of 
clima ti c s ta tio ns. In this respect it is notable that the two classes 
22 
In these regression analyses two-tailed tests have been 
used. However,. in cases such as this, where a negative 
relationship would be rejected as irrational, it can be 
argued that a one-tailed test is more appropriate. If a 
one-tailed test had been used then this relationship would 
have been clas s ified as significant. 
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of farm for which statistically significant relationships were found 
are both intensive fattening classes and that these farms are in 
general situated closer to climatic stations than the more extensive 
farms. 
It is possible that improved correlations would be measured 
if the rainfall index was reformulated as a soil moisture index. 
The relationships between livestock unit changes and 
economic factors as measured in these models are in general 
quite weak. There is evidence (significant at the 5 per cent level) 
for Classes 2 and 6 that farmers sell additional stock when current 
prices are high, but on the other six classes of farm no significant 
relationship was found. There was no significant relationship found 
between changes in livestock units and gross income per livestock 
unit in the previous year for any of the eight farm classes. 
A number of reasons for the poor performance of the 
economic variables can be suggested. Three are listed below. 
1. The economic indicators used in this nlOdel are 
not representative of the economic conditions 
that farmers face. 
2. Economic factors are not a major determinant 
of annual changes in total livestock numbers. 
3. The model has been inadequately specified for 
the purpose of delineating the economic 
relationships that do exist. 
The first of these three alternatives has already been 
discussed in Chapter 4. There it was pointed out that although 
there are some problems associated with the use of the data, 
these data appear to provide a satisfactory measure of economic 
conditions as actually experienced on the survey farms. 
The second alternative, that of economic factors not 
be ing a major determinant of annual changes in total li ves tock units, 
is certainly a possibility that requires serious consideration. 
Such a conclus ion would be in line with the res.ults from this model, 
yet would not contradict the hypothesis that economic factors are 
a major determinant of the ratio of sheep to cattle that are carried. 
However, the validity of making such a conclusion rests upon the 
assumption that the model as specified is adequate for the purpose 
of delineating any economic relationships that do exist. 
In this respect it has already been pointed out in Chapter 4 
that the complexity and possible variation in the lags by which 
res ponses in production are related to investment expenditure, 
55. 
do complicate the measurement of any such relationships. In 
addition, it was pointed out that the model formulation used in this 
study was a simplification of the hypothesised real situation. Clearly 
some further work on this aspect of the model is called for before 
any definite conclusions can be drawn. 
Considering the overall results for each class of farm, 
it is notable that the best results have in gene-ral been obtained 
for the hill countr y farms. On these farms the opportunities for 
diversification into other enterprises apart from sheep and cattle 
are very limited. In contrast to this situation, cash cropping has 
always been of major significance on Class 8 farms, and for Classes 6 
and 7 it is evident from the survey accounts that it has been a factor 
of varying significance. It is obvious that variations in cropping area 
will have a major effect on the number of stock carried, and this 
should therefore be allowed for in any model. There are, however, 
major problems associated with lack of data, and the incorporation 
of cropping activities into the model is a major study in itself. 
Suffice to say that higher levels of explanation for Classes 6, 7 and 8 
could reasonably be expected if such adaptations were made. 

CHAPTER 6 
SUMMARY AND CONCLUSIONS 
This study has been concerned with the development of 
I 
an econometric model capable of explaining the annual changes 
in total livestock units that are carried on New Zealand sheep 
and beef farms. 
Although there have been a number of previous econometric 
studies of New Zealand livestock production, none of these has 
analysed the effect of annual variations in climatic and other 
physical factors on the numbers of livestock carried. In addition 
there have been no studies of livestock numbers that have considered 
sheep and cattle as enterprises that are competing for the same set 
of input resources. For these reasons it was considered that none 
of the previous studies provided a suitable framework for analysing 
the changes in the industry that have occurred in the decade up to 
1975. 
The development of a new econometric model was seriously 
affected by a lack of suitable data. A number of tests were conducted 
on the national livestock series as published by the New Zealand 
Department of Statistics. These tests indicated a number of 
inconsistencies in these data that appear to be sufficiently serious 
as to confound any econometric analys is of annual changes in the 
numbers of livestock as measured by these series. 
Analyses indicated that, for the period 1964 to 1975, data 
obtained by the New Zealand Meat and Wool Boards I Economic Service 
during the course of their Sheep and Beef Farm Survey are the best 
available source of i'nformation on changes in livestock numbers. 
However, before these data could be incorporated into an econometric 
model a standardisation procedure had to be devised so as to link 
successive years of the survey. 
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Analysis of the survey data indicated that in anyone year 
there have been considerable variations between farm classes, both 
in the extent and direction of changes in livestock units. This 
indicated that the model should, at least initially, be disaggregated 
according to these farm classes. 
It was hypothesised that changes in total livestock units 
were a function of both physical and economic factors. For physical 
factors the major source of variation between years was expected 
to be climatic. Two alternative indices were therefore constructed, 
one being a rainfall index, and the other a proxy for physical factors 
as measured by the weight of wool produced per sheep. 
The regression analyses showed that livestock units have 
tended to increase at the end of a season when per head wool weights 
were high and either decline or increase at a lower rate following a 
season when these wool weights were low. This relationship was found 
to be statistically significant on seven of the eight classes of farm. 
On the remaining class of farm the relationship just failed to pass 
a test of significance at the 5 per cent level. On average over the 
eight classes of farm more than half the variation in the dependent 
variable ~as explained by this wool weights variable. 
The rainfall index was less successful than the wool weights 
variable in explaining the changes in livestock units, with a statistically 
significant relationship being found on only two classes of farm. 
It was initially hypothesised that three distinct economic 
relationships might exist. They were: 
1. a product price expectations effect; 
2. an investment effect; 
3. short run income adjustment responses to changes 
in product prices. 
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However no statistical evidence was found for the presence 
of either price expectation or investment responses. There was 
some evidence, statistically significant on two classes of farm, 
that additional livestock are sold when meat prices are high as 
farmers try to Icash in l while prices are maintained. 
Considerable care is needed in the interpretation of 
these results. For instance, these results indicate that during 
the period 1964 to 1975, annual fluctuations in the level of invest-
ment have not been a major cause of annual fluctuations in the 
numbers of livestock units carried on sheep and beef farms. 
However they do not indicate that investment is unimportant in 
determining the carrying capacity of sheep and beef farms. Similarly, 
although the evidence indicates that fluctuations in product prices 
have not had a major effect on annual changes in total livestock units 
carried during this 11 year period, this does not mean that product 
prices do not determine the ratio of sheep livestock units to cattle 
livestock units that are carried. 
It is considered that a number of refinements could be 
made to the model which would improve the levels of explanation 
in the measured equations. Incorporation of cash cropping activities 
for Classes 6, 7 and 8 is one such example. Respecification of the 
investment relationship may also give improved results. The 
construction of a soil moisture index to replace the rainfall index 
is a third possibility. However, problems associated with the 
lack of suitable data may limit the overall improvement that is 
pos sible. 
In summary, the major finding of this study is that annual 
variations in feed availability as measured by wool production per 
sheep, influence farmers I decisions as to the numbers of livestock that 
are carried in the following year. This relationship can be measured 
quantitatively and during the period 1964 to 1975 it appears to be the 
most important cause of annual fluctuations in the numbers of livestock 
units carried on sheep and beef farms. This finding, not only provides 
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an explanation for the generally disappointing results that have been 
obtained in those previous New Zealand supply studies that have 
only investigated economic factors, but also provides a basis for 
ongoing work in the study of production and supply relationships in 
the New Zealand sheep and beef industries. 
61. 
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APPENDIX A 
ALTERNATIVE STANDARDISATION PROCEDURES 
FOR ECONOMIC SERVICE LIVESTOCK SERIES 
(a) Standardisation of Total Sheep Livestock Units and Total 
Beef Livestock Units and pro rata Adjustment of Component 
Livestock Series. 
With this method, numbers of sheep livestock units at 
the end of year t - 1 are adjusted up or down by a factor so as to 
equal sheep livestock units at the start of the following year. 
Livestock units at the start of year t - 1 are then adjusted by the 
same factor. Assuming that there are t years of observations, 
this procedure is repeated each year, working backwards from 
year t until year 1 is reached. The result is that the changes as 
me as ured in each year are spliced together so as to give a 
continuous series. 
An example is as follows: 
Assume there are t years of observations 
Let the unadjusted opening livestock units in year t = m 
Let the unadjusted closing livestock units in year t-l = n 
Let the unadjusted opening livestock units in year t-l = p 
Let the unadjusted closing livestock units in year t-2 = q 
Let the unadjusted opening livestock units in year t-2 = r 
Then the adj usted opening Ii vestock uni ts in year t = m 
Then the adj us ted dosing livestock units in year t-l = m 
Then the adjusted opening livestock units in year t-l = p. 
Then the adjusted closing livestock units in year t-2 = p. 
Then the adjusted opening livE's tack uni ts in year t-2 = r. 
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This sheep livestock unit series has a number of component 
parts (e. g. ewes, wethers, hoggets, etc.). Each of these 
components is adjusted by the same ratio as used for total sheep 
livestock units. Thus, for the above example, if the opening ewe 
numbers in year t-2 were s, then the adjusted numbers woul-i be 
~ s. . . 
n.q 
This procedure is repeated for cattle using total cattle 
livestock units to determine the appropriate adjustment factors. 
(b) Standardisation by Age and Sex Groupings. 
This method is more sophisticated and requires the 
breaking down of sheep and cattle livestock units into their age 
groupings. Closing numbers in year t-l in each of these livestock 
classes are adjusted to attain consistency with opening livestock 
numbers in the following year, in a similar way as for the previous 
method. These same adjustment factors are then applied to 
opening livestock numbers in year t-l for the biologically related 
classes in which these same animals were at the earlier date. 
For example, consider the following livestock relationship 
for year t-l: 
Opening Stock 
of Yearling + 
Steers 
Purchases of 
18 month 
Steers 
Sales of 
18 month 
Steers 
Closing 
Dea ths ~ Stock of 
2 Year Steers 
If the closing livestock 10 year t-l for 2 year steers has 
been adjusted by factor x so as to reconcile with opening 2 year 
steers in year t, then the opening stock of 1 year steers in year t-l 
woulcl be adjusted by the same factor. Extending the stanclarr1isation 
to purchase and sale li'/estock, then purchases and sales of 18 month 
steers would also be adiusted by this factor. 
(c) A Comparison of the Two Methods 
Wi th both methods of adj us tment the major aim of the 
standardisation is achieved, i. e. livestock units at the end of 
each year are consistent with opening livestock for the following 
year. In addition, both methods, by working backwards from 
the most recent data, make use of the improved knowledge in 
recent years of the sampling frame. 
The second method has the additional attribute that 
livestock numbers are standardised for each age grouping as well 
as in aggregate. It also takes account of changes in the relative 
importance of different livestock classes which have occurred 
owing to changes in the survey sample. For example, if the 
Economic Service Class 3 data for the early years has been 
influenced by over representation of Central North Island farms 
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with large wether flocks, then the effects of this over representation 
will be removed from the standardised data. 
There are also, however, cer tain problems as soc iated 
with this second method. For example, a decline between closing 
2 year steers in year t-l and opening 2 year steers in year t may 
indicate a change in stock slaughter policy caused by a change in 
the sample (i. e. more stock slaughtered at 18 months rather than 
2 years plus). Alternatively, it may be a change in policy as 
regards the type of stock carried (i. e. less weaner steers at the 
start of the period). Unless these questions can be answered then 
the correct adjustment to the number of 1 year steers at the opening 
of the previous year cannot be determined. Analysis of the iata 
indicated that the standardised figures variei significantly depending 
on which hypothesis was accepted. 
For the present study it was decided that the risks of 
incorporating bias into the aggregate livestock unit totals outweighed 
the potential advantages associated with this second method. 
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Accordingly, the method of standardisation finally adopted was 
to adjust total sheep livestock units and total cattle livestock 
units for each class of farm, and then adjust the component series 
on a pro rata basis. 
APPENDIX B 
VALIDATION OF THE STANDARDISED LIVESTOCK DATA 
This appendix describes a number of tests performed on the 
standardised livestock data series. These series have been derived 
from data collected as part of the Meat and Wool Boards' Economic 
Service Sheep and Beef Farm Survey. The procedures used in 
standardising these data have been described in Appendix A. 
The aim of the tests that are reported here is to investigate 
whether the changes in livestock numbers as measured by these 
standardised data series are representative of the changes that 
hawe occurred within the total industry. 
The first step in this validation process was to aggregate 
the eight classes of farm to form an 'all classes average farm', 
using weights provided by the Economic Service. 
In Table 16 total livestock units on this 'all classes average 
farm' are compared with livestock unit estimates derived from 
Department of Statistics and Ministry of Agriculture & Fisheries 
23 
data. It is evident that there is close correlation between the 
two series, and both indicate a very similar total rate of increase. 
The two series have a correlation coefficient r = 0.996. 
23 
Sheep numbers are collected as at 30 June by the Ministry of 
Agriculture & Fisheries. Cattle numbers are collected as at 
31 January by the De'partment of Statistics. Since 1971 the 
Department of Statistics has also collected cattle statistics as 
at 30 June. 
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Year 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1 C) 73 
1974 
1975 
TABLE 16 
Comparison of Data Series for Total 
Livestock Units of Sheep and 
Beef Cattle from 1964 to 1975 
(Index: 1964 = 100) 
Standardised Department of Statistics & 
Economic Service Ministry of Agriculture & 
Data Fisheries Data 
100 100 
106 104 
112 110 
118 116 
122 121 
123 122 
124 124 
125 124 
129 129 
127 125 
129 127 
130 129 
Dividing these total livestock units into their sheep ann 
cattle components produces series as shown in Tables 1 7 and 18. 
The correlation coefficient for cattle numbers as reported by 
the two series is r = 0.988, and for sheep r = 0.908. 
It is apparent that the survey estimates of long term 
historical increases in sheep numbers are considerably greater 
than those recorded in the national totals of the census. However, 
cattle increases are underestimated and in the aggregate these 
balance out. This suggests that the survey by its definition may 
result in substitution rates of cattle for sheep being underestimated, 
24 
and on a priori grounds this is considered reasonable. 
24 } or instance, as reported in the main text of this report, 
any farm substituting cattle for sheep to the extent that 
the number of sheep declines to less than 500 is subsequently 
excluded from the survey. In addition, as from 1974/75 year 
the minimum number of sheep was raised to 750. Thus, the 
survey sample is biased towards sheep producing farms at 
the expense of cattle. 
69. 
70. 
TABLE 17 
Comparison of Data Series for Sheep 
Livestock Units from 1964 to 1975 
(Index: 1964 = 100) 
Standard i s ed Ministry of Agriculture & 
Year Economic Service F ish e ric s Data 
Data 
1964 100 100 
1965 107 105 
1966 114 III 
1967 119 117 
1968 121 118 
1969 122 118 
1970 124 118 
1971 124 116 
1972 124 120 
1973 120 III 
1974 119 110 
1975 119 109 
Year 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
TABLE 18 
Comparison of Data Series for Cattle 
Livestock Units from 1964 to 1975 
(Index: 1964 = 100) 
Standardised Economic Department of 
Service Data S ta ti s ti c s Data 
100 100 
103 101 
108 108 
117 119 
124 127 
125 134 
125 140 
132 146 
147 153 
153 163 
164 174 
172 184 
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Validation of First Order Differences 
Correlation coefficients for the first order differences 
for these same series are as follows: 
Total livestock units, 
Sheep livestock units, 
Cattle livestock units, 
r = O. 70 
r = O. 89 
r = 0.45. 
These results indicate that for sheep the short term fluctuations 
about the long term trend are only moderately closely correlated 
with the fluctuations measured in the national statistics. For 
beef cattle (and consequently total livestock units) the correlation 
is very disappointing. 
This situation suggests that there may be considerable 
er rors of measurement either in the Sheep and Beef Farm Survey 
or in the Department of Statistics series. However, on a pr iori 
grounds it seems unlikely that such errors would occur in the 
Sheep and Beef F arm Survey data, which are collected by field 
officers who have access to all relevant livestock invoices etc. 
A more likely hypothesis is that measurement errors arise in 
the Department of Statistics data which are collected by mail. 
Although the response rate to this mail questionnaire is considered 
to be over 99 per cent, this is only achieved by threat of litigation 
and the reliability of some replies is questionable. 
To test this a priori reasoning it seemed desirable to 
co:rnpare both sets of data with a third set of livestock data. This 
question is now considered separately for sheep and then beef 
ca ttle. 
(a) Sheep 
Stock sold by anyone farIT1er is either purchased by 
other farIT1ers or slaughtered. Provided that the Sheep and 
Beef FarIT1 Survey is representative and the class weightings 
are correct then annual fluctuations in net sales for the I all classes 
farIT1' should provide an indicator of fluctuations in national 
slaughtering tallie s. The two series are not expected to be 
identical owing to the survey fraIT1e encoIT1passing by definition 
only an estiIT1ated 94 per cent of total sheep within New Zealand. 
However, a high cor rela tion could reasonabl y be expec ted. 
The national annual sheep slaughtering statistics collected 
frOIT1 all export and local slaughter houses and published as at 
30 SepteIT1ber were extracted froIT1 the Ministry of Agriculture and 
Fisheries Annual Reports. These figures were then adjusted to 
30 June using the series published in the "Monthly Abstract of 
Statistics ". The correlation coefficient between this national 
series and the survey series for the 11 year period 1964/65 to 
1974/75 was r = 0.987. The correlation for the first order 
differences was only slightly lower at r = 0.965. 
Regre s sion of the national slaughtering serie s agains t 
this survey data resulted in an equation: 
y = 22465x - 974,247 2 R = 0.974 
where 
y = National slaughtering tally 
x = Net sales on the 'average farIT1'. 
It is noted that the coefficient for x varies frOIT1 the 
estiIT1ated nUIT1ber of farIT1s in the survey by less than 5 per cent. 
The conclusion drawn froIT1 these analyses of net sales on 
the all classes averag-e farIT1 and the national slaughtering tallies 
is that the net sales are an excellent indicator not only of long terIT1 
trends in New Zealand annual slaughterings, but also of short terIT1 
(i. e. one year) fluctuations about this trend. This si tuation would 
"( 3. 
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not occur if the Sheep and Beef FarD1 Survey incorporated large 
D1easureD1ent errors. 
For cOD1parison of the Ministry of Agriculture & Fisheries sheep 
series with the national slaughtering statistics a sOD1ewhat different 
procedure is required: 
For anyone year there is a siD1ple relationship between 
opening stock and births on the one hand and slaughterings, 
deaths and closing stock on the other. 
i. e. Opening stock + birth 
= closing stock.
25 
slaughterings deaths 
If observations for all these variables except for death 
rates are available, then it is possible to construct an iD1plied death 
rate serie s. For the 11 year period in que.:-;tion this death rate 
series was found to have the following characteristics: 
Mean 
Standard Deviation 
Range 
= 7.22% (S.E. = 0.550/0) 
= 1. 83% 
= 2. 71 % - 9. 82 % 
However, the actual death rate series for the 550 farD1s in 
the Sheep and Beef FarD1 Survey has characteristics as follows: 
Mean 
Standard Deviation 
Range 
= 7.04% (S.E. = 0.14%) 
= O. 47% 
= 6.2% - 7.93% 
The correlation coefficient between these two series is only 
0.45 an::1 this is not significant at the 5 per cent level. It is certainl y 
anOD1alous that a series constructed froD1 data pertaining to all New 
Zealand sheep farD1s should exhibit a D1uch greater variance than a 
series cons truc ted frOD1 only 550 farD1s. 
25 
Since purchases and sales of breeding and store stock cancel 
each other out, they can be ignored. 
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It is notable that the extreme values for this implied 
death rate series are for 1972 and 1973. The 1972 sheep census 
coincided with a sheep retention scheme whereby farmers were 
paid a Government subsidy for every sheep carried. The implication 
is that the financial incentive resulted in the national sheep census 
results being biased upwards by approximately 4.5 per cent over 
what the true figures actually were. The extremely high implied 
death rate in 1973 (and an abnormally high rate in 1974 as well) 
appear to be "book adjustments" as farmers wrote down their stock 
numbers again. Removing the 1972 and 1973 data from this series 
results in a reduced series with the following characteristics: 
Mean 
Standard Deviation 
Range 
= 7. 44% 
= o. 86% 
(S.E. = 0.29%) 
= 6.12% - 9.25% 
Although the variance has been considerably reduced, it is still 
much higher than for the survey series. 
A parallel test for stock one year and older produced 
26 
similar results. In this case the relationship becomes: 
Opening stock of hoggets and adult sheep -
Slaughterings of hoggets and adult sheep -
Deaths of hoggets and adult sheep 
= Closing stock of adult sheep. 
The implied annual death rate series has characteristics: 
Mean 
Standard Deviation 
Range 
= 5.33% 
= 1.20% 
(S.E. = 0.36%) 
= 2. 40/0 - 7. 4o/c) 
26 The advantage of this test is that it removes the possibility 
of any source of error from the lambing series. 
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This compares with the death rate series for the survey farms 
which has characteristics: 
Mean 
Standard Deviation 
Range 
= 4. 74% ( S . E. = o. 9 9 % ) 
= 0.29% 
= 4.3% - 5.1% 
As with the previous test, removal of the 1972 and 1973 data 
from the national series removes the two extreme values, but the 
variance is still much higher than for the survey series. This 
reduced series has the following characteristics: 
Mean 
Standard Deviation 
Range 
= 5.43% (S.E. = 0.14%) 
= 0.43% 
= 4.7% - 6.2% 
Accordingly, the overall conclusion of these analyses of implied death 
rates is that random errors of measurement are probably incorporated 
into the "Sheep Returns" series and that these errors are of 
considerable importance. 
(b) Cattle 
Cattle slaughtering statistics are not divided into animals of 
beef and dairy origin. Accordingly no implied death rate se rie scan 
be constructed. For similar reasons comparison of total cattle 
slaughterings with net cattle sales on the all classes average sheep 
and beef farm would serve no useful purpose. However, in the following 
paragraphs it will be shown by other means that there are problems 
associated with the Department of Statistics cattle series as published 
in "Agricultural Statistics and Monthly Abstract of Statistic s ". 
Prior to 1971 the annual cattle census was taken at 31 January. 
This is a particularly unfortunate date for a census as it is in the middle 
of the killing season. Industrial stoppages or abnormal climatic conditions 
could markedly affect the proportion of seasonal slaughtering occurring brfort" 
this date. 
Since 1971 there have been two annual censuses of cattle 
nUITlbers, one being at 31 January and the other at 30 June. Over 
the period 1971 to 1974 the January figures indicate an increase in 
beef cow nUITlbers of 36.5 per cent whereas the June figures indicate 
an increase of 22.1 per cent. For beef cattle the January figures 
indicate an increase of 16.3 per cent, whereas the June figures indicate 
an increase of 30.0 per cent. The difference in ITlagnitude between 
the January and June figures, both of which refer to the same set of 
farITls, cannot be explained. 
Consequently, there is no reliable alternative source of 
data on beef cattle nUITlbers with which to cOITlpare the standardised 
Sheep and Beef FarITl Survey data. Although it seeITlS reasonable 
to aSSUITle that any randoITl errors of ITleasureITlent in this standardised 
survey data will be no larger than for the equivalent sheep data, 
it is not possible to ITlake any conclusions as to the presence or 
absence of additive bias. 
77. 

RECENT PUBLICA nONS 
RESEARCH REPORTS 
48. Proceedings of an N.Z. Seminar on Project Evaluation in 
Agriculture and Related Fields, R. C. Jensen (ed.), 1968. 
61. Land Development by the State: An Economic Analysis 
of the Hindon Block, ()/ago, E. D. Parkes. 
62. An Economic Analysis of Soil Conservation and Land 
Retirement on South Island High Country, R. W. M. 
Johnson, 1970. 
63. A Regional Analysis oj Future Sheep Production in New 
Zealand, R. W. M. Johnson, 1970. 
64. An Economic Assessment of the Middle Class and Upper 
Middle Class Market in Malaya as a Potential Outlet for 
New Zealand Meal and Dairy Products, K. Y. Ho, 1970. 
65. Capital Forma/ioll in New Zealand Agriculture, 1947-67, 
R. W. M. Johnson. 1970. 
66. Distribution Costs and EfJiciency for Fresh Fruit and 
Vegetables, G. W. Kitson, 1971. 
67. The Optimisation oj a Sixteen Sector Model of the New 
Zealand Economy, T. R. O'Malley, 1973. 
68. An Analysis of Lands and Survey Development Projects, 
/945-69, H. J. Plunkett, 1972. 
69. Quantitative Techniques for Forecasting: A Review with 
Applications to New Zealand Wool Prices for 1974-5, 
Joan Rodgers, 1974. 
70. A Practical Guide to Tax Planning using Procedures for 
Income Equalisation, P. J. Charlton, 1975. 
71. Studies in Costs of Production: Process Peas and Beans, 
1974-75, W. O. McCarthy, R. G. Moffitt, P. W. Cosgriff 
and P. D. Chudleigh, 1975. 
72. Location of Farm Advisory Officers in New Zealand-
an Application of Facility Location Analysis, Joan R. 
Rodgers, Owen McCarthy and Vicki Mabin, 1975. 
73. The Ambulance Facility Location Problem-a Survey of 
Methods and a Simple Application, Janet Gough and 
W. O. McCarthy, 1975. 
74. Studies in Costs of Production: Town Milk Supply Farms 
/973-74, R. J. Gillespie, 1976. 
75. Stabilising Post-Tax Incomes of New Zealand Sheep 
Farms, P. D. Chudleigh, M. J. Blackie and J. B. Dent, 
1976. 
76. Studies in Costs oj Production: Town Milk Supply 
Farms, /974-75, R. J. Gillespie, 1976. 
77. Studies in Costs of Production: Town Milk Supply 
Farms, 1975-76, R. J. Gillespie, 1977. 
78. Response Patterns to a Mail Survey of New Zealand 
Farmers, T. I. Ambler, 1977. 
79. Wine: A Consumer Survey of Christchurch Households, 
R. J. Brodie and M. J. Mellon, 1977. 
80. The Energy Requirement of Farming in New Zealand, 
W. A. N. Brown and R. G. Pearson, 1977. 
81. Survey of New Zealand Farmer Intentions, Expectations, 
and Opinions, April-May 1977, J. G. Pryde, 1977. 
82. Meat: A Consumer Survey of Christchurch Households, 
R. J. Brodie, 1977. 
83. Marketing Costs jar New Zealand Wool: 1970-71 to 
/975-76, P. D. Chudleigh, 1977. 
84. National Wheatgrowers' Survey No.1, 1976-77, R. G. 
Moffitt and L. E. Davey, 1977. 
85. Shipping New Zealand's Agricultural Exp0rls: Back-
ground and Issues, P. D. Chudleigh, 1978. 
86. Current Cost Depreciation Methods and the Valuation of 
Farm Tractors and Headers, L. E. Davey, 1978. 
87. Optimum-Seeking Designs for Simulation Experiments 
with Models of Agricultural Systems, S. R. Harrison, 
1978. 
88. Production and Supply Relationships in the New Zealand 
Beef and Sheep Industries, K. B. Woodford and L. D. 
Woods, 1978. 
89. Computer Simulation Models of Pasture Production in 
Canterbury: Description and User's Manual, G. W. Fick, 
1978. 
90. A Transport Survey of South Island Farmers, T. I. 
Ambler and S. J. Filan, 1978. 
91. Bread: A Consumer Survey of Christchurch Households, 
R. J. Brodie and M. J. Mellon, 1978. 
92. An Economic Survey of New Zealand Wheatgrowers. 
Survey No.2. 1977-78, 1978. 
93. An Economic Survey of New Zealand Town Milk Pro-
ducers, 1976-77, 1978. 
94. Marketing Costs for New Zealand Meat Exports, 1970/71 
to 1975/76, P. D. Chudleigh, M. Clemes, L. D. Woods, 
1978. 
95. 1nterfibre Relationships and Textile Marketing in Japan, 
G. W. Kitson, 1978. 
96. Survey of New Zealand Farmer Intentions, Expectations, 
and Opinions, June-August 1978, J. G. Pryde, 1978. 
MARKET RESEARCH REPORTS 
I. Processing Plant Location Studies: I: Theory and a 
Simple Application to N.Z. Wool Selling Centres, W. O. 
McCarthy, J. L. Rodgers and C. R. Higham, 1972. 
2. Processing Plant Location Studies: ll: Policy Alternatives 
jor N.Z. Wool Selling Centres, C. R. Higham, J. L. 
Rodgers and W. O. McCarthy, 1972. 
3. Doing Business ill Japan, W. O. McCarthy (ed.), 1972. 
4. The Japanese Distribution System and Implications for 
New Zealand Traders, G. W. Kitson, 1973. 
5. Prospects and Strategies in Promoting Tourism Between 
Japan and New Zealand, G. W. Kitson, 1973. 
6. Market Assessment, W. O. McCarthy (ed.), 1973. 
7. Optimum Site, Number and Location of Freezing Works 
in the South Island, New Zealand - A Spatial Analysis, 
R. J. Brodie and W. O. McCarthy, 1974. 
8. The Japanese Food Market and Implications for New 
Zealand, G. W. Kitson, 1975. 
9. Structure and Corporate Relationships in the Japanese 
Wool and Wool Textile Industries, G. W. Kitson, 1976. 
In 1977, this separate report series was discontinued-
Market Research Reports are now included in the 
Research Report series. 
DISCUSSION PAPERS 
24. New Zealand, The Ten, and Future Market Strategies, 
c.c.c. Bulletin, No. 559, W. O. McCarthy, 1972. 
25. The Wool Acquisition Controversy, C.C.C. Bulletin, No. 
577, W. O. McCarthy, 1974. 
26. Productivity, c.C.C. Bulletin, No. 579, B. J. Ross, 1974. 
27. Investment on the Rural Scene, paper presented to N.Z. 
[nst. of Valuers Seminar, B. J. Ross, 1974. 
28. The Oil Crisis and International Economics Stability, B. 
J. Ross, 1974. 
29. Christchurch Tomorrow-A discussion of the future de-
velopment of Christchurch as a Regional Centre, J. W. 
Wood, 1975. 
30. Use made of Transport by Farmers: A Pilot Survey with 
Findings Relating to Ashburton County, New Zealand, 
T. I. Ambler, 1975. 
31. A Postal Sample Survey of Sheep Farmer Attitudes to 
Incentives and Obstacles to increasing Farm Output and 
other Agricultural Policy Issues, J. G. Pryde, 1975. 
32. Proceedings oj a Seminar on Costs Beyond the Farm 
Gate, 12th March 1976, J. G. Pryde, W. O. McCarthy, 
D. L. Fyfe (eds.), 1976. 
33. A Postal Survey of the Opinions of a Group oj Farm 
Management Society Members on Incentives and Obstacles 
to Increasing Farm Output, J. G. Pryde, 1976. 
34. A Statistical Analysis of Sources of Variance of Income 
on Sheep Farms in New Zealand, P. D. Chudleigh and 
S. J. Filan, 1976. 
35. Rate Regulation and Economic Efficiency in Rural Road 
Goods Transport, T. I. Ambler, 1976. 
36. Proceedings of a Seminar on Wool Marketing in the 
1980's-Held at Lincoln College 21 October, 1976, W. O. 
McCarthy and J. G. Pryde (eds.), 1976. 
37. Some Economic Aspects of Conference and Non-Confer-
ence Wool Shipping, P. D. Chudleigh, 1976. 
38. A Comment on Fisheries and Agricultural Trade Rela-
tionships between New Zealand and Japan, G. W. Kitson, 
1978. 
39. A Survey of Mid Canterbury Farmers' Attitudes to 
Growing Sugar Beet, D. Leitch, P. D. Chudleigh and 
G. A. G. Frengley, 1978. 
Additional copies of Research Reports, apart from complimentary copies, are available at $2.00 each. 
Discussion Papers are $1.00 (except No. 32 and No. 36 which are $3.00). Remittance should accompany orders 
addressed to: Bookshop, Lincoln College, Canterbury. New Zealand. 
